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IN  Rt.LY  RtFER  TO 


3 1 JUL  1373 


NAPEN-D 


Honorable  Brendan  T.  Byrne 
Governor  of  New  Jersey 
Trenton,  New  Jersey  08621 


Dear  Governor  Byrne: 

Inclosed  Is  the  Phase  I Inspection  Report  for  Cedar  Grove  North,  West 
and  South  Dans  In  Essex  County,  New  Jersey  which  has  been  prepared 
under  authorization  of  the  Dam  Inspection  Act,  Public  Law  92-367.  A 
brief  assessment  of  the  dams'  conditions  are  given  on  the  first  two 
pages  of  the  report. 

Based  on  visual  inspection,  available  records,  calculations  and  past 
operational  performance,  the  Cedar  Grove  Dams  are  judged  to  be  in  good 
condition.  To  insure  adequacy  of  the  structure,  the  following  actions, 
as  a minimum,  are  recommended : 

a.  Engineering  studies  and  investigations  to  determine  the 
overall  structural  stability  of  all  three  dams  should  be  completed 
within  one  year  from  the  date  of  approval  of  this  report.  Any  remedial 
measures  deemed  necessary  as  a result  of  these  studies  and  investigations 
should  be  initiated  within  calendar  year  1979.  Piezometers  should  be 
installed  In  the  embankments  of  all.  three  dams  to  furnish  better  data 
for  the  stability  analysis  and  to  serve  as  part  of  a safety  related 
warning  system,  if  such  is  necessary. 

b.  Within  six  months  from  the  date  of  approval  of  the  report, 
studies  to  evaluate  the  failed  rip-rap  slope  of  the  South  Dam  should 
be  completed.  Repair  of  the  failed  rip-rap  slope  should  be  completed 
within  one  year  from  the  date  of  approval  of  this  report. 

c.  The  following  remedial  works  should  be  initiated  within  three 
months  from  the  date  of  approval  of  the  report  and  completed  three 
months  later: 

(1)  The  surface  drainage  on  the  portion  of  the  berm  of  the 
West  Dam  should  be  improved  by  regrading  to  avoid  the 
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Honorable  Brendan  T.  Byrne 

Impoundment  of  surface  water;  the  berm  surface  should  be 
stabilized  by  adding  granular  subbase  course. 

(2)  The  entrance  section  of  the  twin  concrete  ducts  of  the 
spillway  on  the  east  end  of  the  North  Dam  should  be 
repaired.  Debris  accunulated  in  front  of  this  Intake 
should  be  removed. 

A copy  of  the  report  is  being  furnished  to  Mr.  Dirk  C.  Hofman,  New 
Jersey  Department  of  Environmental  Protection,  the  designated  State 
Office  contact  for  this  program.  Within  five  days  of  the  date  of  this 
letter,  a copy  will  also  be  sent  to  Congressman  Joseph  Mlnlsh  of  the 
Eleventh  District.  Under  the  provisions  of  the  Freedom  of  Information 
Act,  the  inspection  report  will  be  subject  to  release  by  this  office, 
upon  request,  thirty  days  after  the  date  of  this  letter. 

Additional  copies  of  this  report  may  be  obtained  from  the  National 
Technical  Information  Services  (NTIS) , Springfield,  Virginia,  22161 
at  a reasonable  cost.  Please  allow  four  to  six  weeks  from  the  date  of 
this  letter  for  NTIS  to  have  copies  of  the  report  available. 


An  important  aspect  of  the  Dam  Safety  Program  will  be  the  implementation 
of  the  recommendations  made  as  a result  of  the  inspection.  We  accordingly 
request  that  we  be  advised  of  proposed  actions  taken  by  the  State  to 
implement  our  recommendations. 


1 Incl 
As  stated 


Cy  furn: 

Mr.  Dirk  C.  Hofman,  P.E. 

Department  of  Environmental  Protection 
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PHASE  I INSPECTION  REPORT 
NATIONAL  DAM  SAFETY  PROGRAM 


ASSESSMENT  OF  GENERAL  CONDITIONS 


Nane  of  Dam: 

State: 

County: 

USGS  Quadrangle  Sheet: 
Coordinates : 


Stream: 

Date  of  Inspection: 


Cedar  Grove  West,  North  and  South 

New  Jersey 

Essex 

Orange,  N.J. 

West  Long.  40°51'43"  Lat.  E.  74° 12’ 52" 
North  Long.  40°51'54"  Lat.  E.  74°12f  37” 
South  Long.  40°51 ' 12"  Lat.  E.  74°13'4" 
None 

May  31,  1978 


The  three  dams  that  enclose  the  Cedar  Grove  reservoir  are  in  good  condition 

as  defined  in  Appendix  H. 

It  is  recommended  that: 

1.  The  failure  areas  on  the  South  Dam  be  stabilized  in  the  near  future  and 
the  riprap  be  re-aligned,  with  inspection  to  be  performed  by  a 
qualified  engineer. 

2.  The  surface  drainage  on  the  berm  of  the  West  Dam  be  improved  in  the 
near  future  to  avoid  impounding  of  water. 

3.  The  entrance  section  of  the  twin  concrete  ducts  of  the  spillway  be 
repaired  in  the  near  future  and  the  debris  removed. 

4.  Piezometers  be  installed  in  the  embankments  of  all  dams  to  furnish 
basic  data  for  stability  analysis. 

5.  Foundation  and  material  investigations  be  performed  in  the  future  to 
determine  the  engineering  properties  of  the  foundation  soils  and 
embankment  materials  as  outlined  in  paragraphs  4.4.1,  4.4.2  and  4.4.2. 1 
of  the  U.S.  Corps  of  Engineers,  Recommended  Guidelines  for  the  Safety 
Inspection  of  Dams,  (Appendix  E) . 


CONTINUED 
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Based  on  visual  inspection,  available  records,  calculations  and  past 
operational  performance,  the  Cedar  Crove  hams  are  judged  to  be  in  good 
condition.  To  insure  adequacy  of  the  structure,  the  following  actions, 
as  a minimum,  are  recommended: 

a.  Engineering  studies  and  investigations  to  determine  the 
overall  structural  stability  of  all  three  dams  should  be  completed 
within  one  year  from  the  date  of  approval  of  this  report.  Any  remedial 
measures  deemed  necessary  as  a result  of  these  studies  and  investigations 
should  be  initiated  within  calendar  year  1979.  Piezometers  should  be 
installed  in  the  embankments  of  all  three  dams  to  furnish  better  data 
for  the  stability  analysis  and  to  serve  as  part  of  a safety  related 
warning  system,  if  such  is  necessary. 

b.  Within  six  months  from  the  date  of  approval  of  the  report, 
studies  to  evaluate  the  failed  rip-rap  slope  of  the  South  Dam  should 
be  completed.  Repair  of  the  failed  rip-rap  slope  should  be.  completed 
within  one  year  from  the  date  of  approval  of  this  report. 

c.  The  following  remedial  works  should  be  initiated  within  three 
months  from  the  date  of  approval  of  the  report  and  completed  three 
months  later: 

(1)  The  surface  drainage  on  the  portion  of  the  berm  of  the 
West  Dam  should  be  improved  by  regrading  to  avoid  the 
impoundment  of  surface  water;  the  berm  surface  should  be 
stabilized  by  adding  granular  subbase  course. 


(2)  The  entrance  section  of  the  twin  concrete  ducts  of  the 
spillway  on  the  east  end  of  the  North  Dam  should  be 
repaired.  Debris  accumulated  in  front  of  this  intake 
should  be  removed. 
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1.0  PROJECT  INFORMATION 

1 . 1 GENERAL 

1.1.1  Authority:  Public  Law  92-367,  8 August  1972,  authorized  the 

Secretary  of  the  Army,  through  the  U.S.  Corps  of  Engineers  to  initiate  a 
national  program  of  safety  inspections  of  non-federal  dams  in  the  United 
States.  Gilbert  Associates,  Inc.  has  entered  into  Contract  No. 
DACW61-78-C-0114  with  the  Philadelphia  Office  of  the  U.S.  Corps  of  Engineers 
to  inspect  this  dam,  Gilbert  Work  Order  06-7249-000. 

1.1.2  Purpose  of  Inspection:  The  purpose  is  to  conduct  a Phase  I 
inspection  according  to  the  U.S.  Corps  of  Engineers  Recommended  Guidelines 
for  Safety  Inspection  of  Dams  (Reference  2) , as  modified  by  contract 
requirements  between  Gilbert  Associates,  Inc.  and  the  Corps  of  Engineers. 

The  objective  includes  expeditiously  identifying  those  dams  which  pose  an 
immediate  threat  to  human  life  or  property  and  to  recommend  future  studies 
and/or  any  obvious  remedial  actions  indicated  by  the  inspection. 

1.2  PROJECT  DESCRIPTION 

1.2.1  Dam  and  Appurtenances : The  Cedar  Grove  Dam  is  actually  composed 
of  three  earthfill  embankments,  namely  the  North  Dam  I.D.  No.  NJ  00548,  the 
West  Dam  I.D.  No.  NJ  00392,  and  the  South  Dam  I.D.  No.  NJ  00549.  The  North 
Dam  is  about  36  feet  high  and  587  feet  long;  the  West  dam  is  about  55  feet 
high  and  2590  feet  long,  and  the  South  dam  is  about  34  feet  high  and 

700  feet  long. 

All  of  these  dams  have  concrete  corewalls.  The  top  of  the  West  Dam  is  at 
elevation  410  feet;  its  concrete  core  extends  from  elevation  407.5  feet  down 
to  bedrock  according  to  the  record  drawings . The  tops  of  the  North  and 
South  Dams  are  at  elevation  411  feet  and  their  concrete  cores  extend  from 
elevation  408  feet  down  to  bedrock  according  to  the  record  drawings.  The 
corewall  of  the  South  Dam  extends  400  feet  across  Ridge  Road  (record  drawing 
data) . 

The  appurtenant  structures  consist  of  an  outlet  gate  house  distributing 
outflow  water  to  the  concrete  conduit  and  tunnel,  a regulator  gate  house 
regulating  inflow  water  into  the  concrete  conduit  and  inlet  standpipe,  and 
an  overflow  conduit  and  spillway. 

1.2.2  Location:  The  dams  are  located  about  2 miles  north  of  Montclair, 
N.J.  and  at  the  border  of  Essex  and  Passaic  Counties,  in  Cedar  Grove 
Township.  They  lie  on  the  First  Watchung  Mountain  about  1.6  miles  west  of 


1 


the  N.J.  Garden  State  Parkway.  Geologically,  the  dams  are  situated  in  an 
area  underlain  by  Triassic  basalt  flow,  which  forms  the  First  Watchung 
Mountain. 


1.2.3  Size  Classification:  According  to  Section  2.1.1  of  Reference  2, 
the  dams  are  classified  as  intermediate  structures  because  of  their 
impoundments.  The  impoundments  for  the  dams  are: 


North  Dam 
West  Dam 
South  Dam 


2297  acre-feet 
2584  acre-feet 
2233  acre-feet 


1.2.4  Hazard  Classification:  The  dams  are  surrounded  to  the  north  by 
Little  Falls  and  West  Paterson,  to  the  west  by  Meadow  Village,  and  to  the 
south  by  Cedar  Grove  and  Verona,  with  the  west  slope  of  the  First  Watchung 
Mountain  to  the  east.  The  dams  are  classified  as  high  hazard  potential 
based  on  the  requirements  of  Section  2.1.2  of  Reference  2. 

1.2.5  Ownership:  The  dams  are  owned  and  maintained  by  the  City  of 
Newark,  Division  of  Water  Supply.  Engineering  and  maintenance  facilities 
are  located  in  Little  Falls,  Bergen  County  and  water  quality  chemical 
laboratory  is  in  Cedar  Grove,  Essex  County.  The  address  is: 

City  of  Newark,  Division  of  Water  Supply 

1294  McBride  Avenue 

Tittle  Falls,  New  Jersey  07424 

1.2.6  Purpose  of  Dam:  The  Cedar  Grove  North,  West  and  South  Dams  were 
constructed  to  create  a pumped  storage  reservoir  against  the  west  flank  of 
the  First  Watchung  Mountain.  The  reservoir  supplies  water  to  residents  of 
Belleville,  Bloomfield,  the  city  of  Newark,  and  the  city  of  Elizabeth  only 
during  emergencies.  The  average  yield  of  the  reservoir  is  75  MGD.  The  only 
sources  of  inflow  into  the  reservoir  are  a 48-inch  diameter  aqueduct  main 
and  a 42-inch  diameter  aqueduct  main  that  convey  drinking  water  from  the 
Charlotteburg  water  treatment  plant  22  miles  away.  These  two  mains  are 
combined  into  a single  60-inch  pipe  before  entering  the  reservoir  through 
the  North  Dam.  The  water  originates  in  the  Pequannock  Watershed 

(63.7  square  miles)  and  is  initially  stored  in  the  Canister,  Echo  Lake, 
Clinton,  Oak  Ridge  and  Charlotteburg  reservoirs.  This  information  is  noted 
on  drawings  received  from  the  owner. 

1.2.7  Design  and  Construction  History:  The  Cedar  Grove  Reservoir  Dams 
were  designed  and  built  by  the  East  Jersey  Water  Company  of  Pittsburgh, 
Pennsylvania.  Construction  took  place  prior  to  1904,  the  year  the  Cedar 


Grove  Reservoir  was  put  into  service  (Reference  3).  The  New  Jersey 
Department  of  Environmental  Protection  (DEP)  has  no  data  on  the  dams.  The 
only  item  of  subsequent  construction  or  modification  noted  was  a minor 
modification  to  the  spillway  area. 

1.2.8  Normal  Operational  Procedures:  The  water  level  in  this  reservoir 
is  maintained  between  elevation  395  feet  and  405  feet  MSL.  The  water  volume 
stored  is  enough  to  supply  a demand  of  75  MGD  for  nine  days.  Water  arrives  at 
the  reservoir  through  a 60-inch  cast  iron  pipe;  part  enters  the  reservoir 
through  the  east  regulator  gate  house,  the  remainder  enters  the  reservoir 
through  the  60-inch  standpipe.  Water  leaves  the  reservoir  through  the  west 
gate  house,  initially  by  means  of  a twin  60-inch  conduit  which  becomes  a 

7- foot  tunnel  in  rock.  A 48-inch  diameter  drain  from  the  West  Gate  House 
passes  through  the  West  Dam. 

1.3  PERTINENT  DATA 

1.3.1  Drainage  Area:  Not  applicable  (pumped  storage  reservoir). 

1.3.2  Discharge  at  the  Dam  Site:  A 7-foot  concrete  tunnel,  plus  an 

8- inch  diameter  steel  pipe  and  a 48-inch  diameter  drain. 

1.3.3  Elevation:  (Feet  above  MSL) 

Top  of  Dams:  West  dam  410  feet;  North  and  South  dams  411  feet. 

Spillway  Design  Flood  (SDF)  Surcharge:  407.17 
Full  Flood  Control  Pool:  Not  applicable. 

Recreation  Pool:  Not  applicable. 

Upstream  Portion  Invert  Diversion  Tunnel:  Not  applicable. 

Downstream  Portion  Invert  Diversion  Tunnel:  Not  applicable. 

Streambed  at  Centerline  of  Dams:  North  Dam  - 375 

West  Dam  - 355 
South  Dam  - 377 

Maximum  Tailwater:  Not  applicable. 

1.3.4  Reservoir: 

Length  of  Maximum  Pool  - 4,900  feet. 

Length  of  Recreation  Pool:  Not  Applicable 
Length  of  Flood  Control  Pool:  Not  Applicable 

1.3.5  Storage  (Acre  Feet) 

Recreation  Pool:  Not  applicable. 

Flood  Control  Pool:  Not  applicable. 

SDF  Surcharge:  2,290 
Top  of  Dam:  2,584 


1.3.6  Reservoir  Surface  (Acres:) 

Top  of  Dam:  102 

Maximum  SDF  Surcharge:  100 

Flood  Control  Pool:  Not  applicable. 

Recreation  Pool:  Not  applicable. 

Spillway  Crest:  98 

1.3.7  Dam: 

Type  - Earthfill  with  concrete  corewall  and  similar  clay  puddle  on  upstream 
side  from  top  of  rock  to  original  ground  surface. 

Length  - North  587  feet  - measured;  690  feet-record  drawing. 

West  2,590  feet  - measured;  2,720  feet-record  drawing. 

South  700  feet  - measured;  842  feet-record  drawing. 

Height  - North  51  feet  Note:  The  heights  noted  are  taken  from  the 
West  90  feet  record  drawings , and  are  the  vertical 

South  38  feet  heights  from  the  bottom  of  the  cut-off 

walls  to  the  top  of  the  dams . 

Top  Width  - North  16  feet 
West  18  feet 
South  12  feet 

Side  Slopes  - North  2 horizontal :1  vertical  with  58-foot  berm  including 
roadway  on  downstream  side 

West  2 horizontal :1  vertical  with  8-foot  berm  both  sides, 
50-foot  berm  on  downstream  side 
South  2 horizontal :1  vertical  with  52-foot  berm  including 
roadway  on  downstream  side 

Zoning  - An  impervious  zone  on  the  upstream  side  of  the  corewall,  from  top 
of  rock  to  original  ground  elevation. 

Top  Elevation  - North  386  feet 


West  356  feet 
South  388  feet 


Impervious  Core  - Concrete  corewall  extending  to  reputedly  solid  rock 

Top  Elevation  - North  408  feet  (664  feet  long) 

West  407.5  feet  (approximately  2,620  feet  long) 

South  407.5  feet  (800  foot  long  dam  crest  plus 
200  feet  beyond  dam) 

Cutoff  - A shallow  cutoff  into  sound  foundation  rock  is  formed  by  the  base 
of  the  concrete  corewall. 

Borrow:  Borrow  sources  are  shown  on  Figure  2. 

Grout  Curtain  - None. 

1.3.8  Diversion  and  Regulating  Tunnel:  Inlet  water  can  be  diverted  from 
the  60-inch  conduit  through  a 48-inch  gate  valve  to  the  7-foot  rock  tunnel. 

1.3.9  Spillway:  At  the  east  end  of  the  North  Dam  a twin  concrete 
conduit  with  an  invert  elevation  of  400  feet  passes  through  the  dam  and 
under  reservoir  road  to  a spillway  with  a crest  elevation  of  405  feet. 

1.3.10  Regulatory  Outlet:  The  West  Gate  House  contains  12  sluice  gates, 
eight  placed  in  pairs,  and  four  placed  singly.  Lake  water  enters  the 
structures  through  six  arched  openings,  placed  in  pairs  at  elevation 
359.9  feet,  elevation  369.9  feet,  and  elevation  389.9  feet.  Water  leaves 
the  West  Gate  House  through  two  48-inch  cast  iron  pipes  which  merge  into  a 
60-inch  concrete  conduit  leading  to  the  tunnel.  Two  48-inch  cast  iron  pipes 
change  to  a single  60-inch  cast  iron  pipe  leading  to  the  North  Dam. 

A 48-inch  cast  iron  pipe  with  an  invert  elevation  of  353.9-feet  is  located 
in  the  base  of  the  West  Gate  House  to  drain  the  basin. 
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2.0 


ENGINEERING  DATA 


2.1  DESIGN 

Design  data  were  not  available  at  the  Newark  Division  of  Water  Supply  and 
the  N.J.  Department  of  Environmental  Protection  (DEP) . 

2.2  CONSTRUCTION 

A few  sets  of  record  drawings  showing  cross-sections,  profiles,  and  plans 
are  available  at  the  Newark  Division  of  Water  Supply's  Office,  Little  Falls, 
N.J.  No  other  information  was  available  for  use  in  this  Phase  I inspection. 
Cross-sections  through  the  dams  are  shown  i i Figures  2,  3 and  4. 

2.3  OPERATION 

There  are  no  flood  control  operations  at  this  dam.  Water  from  this 
reservoir  covers  the  demand  of  the  supply  system.  Under  normal  conditions, 
the  water  flows  by  gravity  through  the  upland  supply  aqueduct  (Charlotteburg 
Reservoir) . Under  emergency  conditions  water  can  be  supplied  to  the 
aqueduct  and  to  Cedar  Grove  by  pumping  up  to  25  MGD  from  the  Wanaque 
Aqueduct  System  through  the  Belleville  bypass. 

2.4  EVALUATION 

2.4.1  Availability:  Foundation  and  material  data,  and  engineering 

design  analysis  data  are  not  available. 

2.4.2  Adequacy:  The  available  record  drawings  appear  to  be  adequate. 

2.4.3  Validity:  The  record  drawings  appear  to  be  consistent  with 

existing  structures. 


3.0 


VISUAL  INSPECTION 


3.1  FINDINGS 

3.1.1  General:  The  Phase  I dam  inspection  was  performed  on  May  31,  1978 
by  a team  of  engineers  from  Gilbert  Associates,  Inc.  An  employee  of  the 
city  of  Newark,  Division  of  Water  Supply,  accompanied  the  inspection  team  to 
provide  access  to  the  East  and  West  Gate  Houses.  Findings  are  as  follows. 

3.1.2  Dam:  Surface  cracks  and  unusual  movement  or  cracking  at  or  beyond 

the  toe  were  not  observed  for  the  West,  North  and  South  Dams.  The 
downstream  slopes  of  all  the  dams  were  fully  covered  by  grass  except  the 

roadway  on  the  crest  and  the  vehicle  tracks  on  the  berm  of  the  West  Dam. 

The  upstream  side  of  the  top  of  the  South  Dam  appears  to  have  settled 
slightly  since  construction,  as  has  the  upper  portion  of  the  riprap  slope  of 
the  South  Dam.  No  slope  distress  was  found  on  the  West  and  North  Dams. 

Some  vegetation  was  found  growing  in  the  riprapped  slopes  of  all  three  dams. 

A minor  wet  area  was  noted  on  the  downstream  berm  about  676  feet  from  the 
south  end  of  the  West  Dam.  No  significant  seepage  condition  was  observed 
throughout  the  downstream  slopes  and  at  any  of  the  toe  areas.  The  wet  area 
is  shown  in  Appendix  C. 

3.1.3  Appurtenant  Structures : (a)  Spillway  - The  only  spillway  for 

the  reservoir  is  located  at  the  east  end  of  the  North  Dam.  The  entrance 
portion  of  .the  twin  concrete  ducts  has  been  badly  damaged,  and  is  partially 

blocked  by  debris.  The  twin  28.5-inch  high  by  56-inch  wide  ducts  are  still 

serviceable.  The  spillway  section  itself  appears  in  good  condition,  and  has 
been  modified  since  the  record  drawing  was  made  in  1905. 

(b)  The  outlet  gate  house  along  the  West  Dam  appears  to  be  in  good  repair, 
with  its  travelling  screens  and  sluice  gates  in  operating  condition.  The 
submerged  section,  constructed  of  rubble  masonry  with  cut  stone  facing, 
appears  to  be  in  good  condition. 

3.1.4  Reservoir  Area:  The  gentle  natural  slopes  and  riprap-paved 
embankment  slopes  appeared  to  be  in  a stable  condition  during  the  visual 
field  inspection,  except  as  noted  for  the  South  Dam. 

3.2  EVALUATION 

The  West  and  North  dams  showed  uniform,  smooth,  and  well-protected 
embankment  slopes,  the  crest  of  the  dams  had  good  alignments,  and  critical 
signs  of  distress  were  not  observed.  It  can  be  said  that  the  West  and  North 
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dams  proper  were  visually  in  good  condition.  Nevertheless,  the  intake 
structure  of  the  overflow  spillway  at  the  east  end  of  the  North  Dam  needs  to 
be  repaired  because  of  extensive  damage.  Some  wet  areas  on  the  berm  of  the 
West  Dam  were  believed  to  be  related  to  the  poor  surface  drainage.  This 
condition  could  be  corrected  by  regrading  and  stabilizing  the  berm  surface 
with  granular  material. 


The  dislodged  and  disturbed  riprap  on  the  upper  portion  of  the  upstream 
slope  of  the  South  Dam  was  apparently  caused  by  a slope  failure  or  movement 
of  the  embankment.  This  condition  should  be  further  studied  to  evaluate  the 
stability  of  the  dam  and  to  recommend  corrective  measures. 


ATTENDEES 


Gilbert  Associates, 


Rudolph  J.  Wahanik 
Fine  T.  Hsu 
Rudi  P.  Visser 


4.0  OPERATIONAL  PROCEDURES 

4.1  PROCEDURES 

The  water  level  in  the  Cedar  Grove  Reservoir  is  dependent  on  the  amount 
being  pumped  in,  on  the  demand  of  its  users,  and  on  the  temperature.  The 
maximum  high  water  level  permitted  by  the  spillway's  crest  is  elevation 
405  ft  and  the  maximum  allowable  water  level  fluctuation  during  normal 
conditions  is  10  ft  or  down  to  elevation  395  ft. 

4.2  MAINTENANCE  OF  DAM 

The  dam  sections  of  the  reservoir  can  be  travelled  by  car,  and  the  gravel 
road  along  the  tops  of  the  dams  are  well  maintained.  The  reservoir  site  is 
completely  surrounded  by  a security  fence;  the  main  gate  on  Ridge  Avenue 
seems  to  be  open  and  unattended  most  of  the  time,  and  the  fence  has  been 
breached  in  several  locations,  apparently  by  swimmers.  Maintenance  of  the 
dam  seems  to  consist  of  mowing  the  grass  slopes.  The  mower  has  caused  some 
rutting  of  the  west  berm  of  the  West  Dam,  resulting  in  some  ponded  water  on 
the  berm.  The  toe  areas  of  all  three  dams  are  covered  with  a dense  growth 
of  trees. 

4.3  MAINTENANCE  OF  OPERATING  FACILITIES 

All  visible  parts  of  the  travelling  screens,  sluice  gates,  etc.,  in  the  West 
Outlet  Gate  House  seemed  in  good  repair  despite  of  the  age  of  the  equipment. 

4.4  DESCRIPTION  OF  ANY  WARNING  SYSTEM  IN  EFFECT 

As  far  as  could  be  determined,  no  automatic  warning  system  exists  at  this 
dam. 


4.5  EVALUATION 

The  maintenance  procedures  for  this  dam  seem  to  be  adequate.  However,  some 
maintenance  work  is  required  on  the  South  Dam  where  the  riprap  and 
supporting  embankment  have  settled. 


5.0 


HYDRAULIC/HYDROLOGIC  DESIGN 


The  hydrologic  analysis  presented  in  this  report  and  in  Appendix  D pertains 
to  present  hydrologic  conditions  and  does  not  consider  future  changes 
produced  by  uncertain  conditions  such  as  urbanization,  forest  fires  or  other 
modifications  within  the  watershed. 

5.1  EVALUATION  OF  FEATURES 

Cedar  Grove  Reservoir  has  no  upstream  drainage  area;  the  drainage  area  is 
simply  equal  to  the  reservoir  surface  area.  This  means  that  the  probable 
maximum  flood  (PMF)  inflow  hydrograph  is  equal  to  the  probable  maximum  storm 
(PMS)  falling  on  the  reservoir  surface.  The  PMS  rainfall  depths  for  this 
area  is  27  inches  (Reference  5). 

The  reservoir  pool  elevation  during  normal  operation  is  maintained  between 
395  and  405  feet  MSL.  The  spillway  overflow  structure  is  in  poor  condition 
and  has  its  crest  at  elevation  405  feet.  The  tops  of  the  dams  are  located 
at  410  feet  and  411  feet  with  impermeable  cores  up  to  409.5  feet.  These 
dams  are  not  overtopped  by  the  PMS,  even  if  the  outlet  structure  did  not 
function  at  all.  This  reservoir  is  essentially  free  from  danger  caused  by 
flooding. 


5.2  RESERVOIR  DRAWDOWN 

If  an  emergency  condition  occurs,  that  affects  the  stability  of  one  of  the 
several  dams  that  form  the  Cedar  Grove  Reservoir,  then  a fast  drawdown  of 
the  reservoir  to  a lower  water  level  may  be  required.  The  lower  water  level 
which  would  be  required  depends  on  the  location  and  nature  of  such  a 
postulated  hazardous  condition.  The  water  stored  in  the  reservoir  can  be 
lowered  by  means  of  a 48-inch  diameter  concrete  conduit,  1370  feet  long 
installed  beneath  the  West  Dam.  Flow  through  the  48-inch  diameter  drain 
conduit  is  controlled  by  means  of  a gate  valve  installed  in  the  reservoir's 
West  Gate  House.  The  center  line  of  the  conduit  is  located  at  approximately 
elevation  355  feet. 

The  time  required  to  drawdown  2,083  acre-feet  from  elevation  405  feet  to 
elevation  355  feet  was  calculated  under  the  assumption  that  the  water  inflow 
from  the  aqueduct  has  been  shutoff  and  that  the  48-inch  diameter  drain 
conduit  has  a Manning's  n = 0.024. 

The  drawdown  times  required  to  evacuate  the  storage  volume  thru  the  48-inch 
diameter  drain  alone  and  in  conjunction  with  an  average  system  demand  of 
75  MGD  are: 


Water 

Elevation 


Reservoir* 

Storage 


Total  Reservoir  Drawdown  Time 
48-Inch  48-Inch  Drain 

Drain  Alone  Plus  Water  Demand 


ft. 

Acre-ft. 

Hours 

Hours 

405 

2,083 

0 

0 

400 

1,637 

39 

39 

395 

1,230 

78 

77 

390 

882 

112 

112 

385 

618 

141 

140 

380 

442 

161 

160 

375 

297 

180 

179 

370 

182 

197 

195 

365 

98 

211 

210 

355 

0 

238 

236 

* The  Cedar 

Grove  Reservoir 

capacities  used  were 

supplied  by 

Mr.  Jim  Conley,  Associate  Civil  Engineer  of  the  City  of  Newark, 
Division  of  Water  Supply.  The  reservoir  capacities  as  well  as 
the  drawdown  calculations  are  in  Appendix  D. 
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6.0  DAM  STABILITY 

6.1  EVALUATION  OF  STRUCTURAL  STABILITY 

6.1.1  Visual  Observation:  The  embankments  of  the  West  and  North  Dams 
were  in  good  condition  (see  Appendix  H)  and  have  no  critical  signs  of 
distress.  However,  the  partial  failure  of  the  upstream  riprap  slope  of  the 
South  Dam  indicates  that  further  investigation  and  analysis  of  its  slope 
stability  will  be  required.  The  rocks  exposed  in  the  vicinity  are  chiefly 
hard  and  dense  fine-grained  basalt  with  two  sets  of  vertical  conjugated 
joints . 

6.1.2  Design  and  Construction  Data:  Structural  stability  analysis  data 
are  not  available  for  review.  Because  of  lack  of  necessary  foundation  and 
material  information,  an  adequate  and  valid  structural  stability  analysis  of 
the  South  Dam  cannot  be  made  at  this  time. 

6.1.3  Operating  Records:  The  embankments  were  reported  in  good 
condition  during  the  previous  operating  years . The  reservoir  water  level 
has  been  regulated  through  the  pipeline  system,  gates,  and  overflow 
structures  without  overtopping  history. 

6.1.4  Post-Construction  Changes:  The  current  spillway  is  different  from 
the  record  drawing. 

6.1.5  Seismic  Stability:  Although  this  dam  is  located  within  Zone  1 on 
the  Algermissen' s Seismic  Risk  Map  of  the  United  States  (1969  edition), 
there  are  questions  with  respect  to  the  static  stability  of  the  South  Dam, 
as  set  forth  in  paragraph  6.1.1,  and,  therefore',  in  accordance  with 
paragraph  3.6.4  of  Reference  2,  no  assumptions  can  be  made  as  to  the  seismic 
stability  of  the  South  Dam.  Observation  of  the  West  and  North  Dams 
indicates  satisfactory  static  stability  and  conventional  safety  margins, 
and,  therefore,  in  accordance  with  paragraph  3.6.4  of  Reference  2,  these 
dams  may  be  assumed  to  present  no  hazard  from  earthquake  motions. 
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7.0  ASSESSMENT,  RECOMMENDATIONS/REMEDIAL  MEASURES 

7.1  DAM  ASSESSMENT 

The  assessment  and  remedial  measures  made  are  subject  to  the  Conditions 
contained  in  Appendix  H. 

7.1.1  Safety:  The  visual  inspection  of  the  West  and  North  Dams  revealed 
the  dams  to  be  in  good  condition.  No  positive  signs  of  distress  such  as 
slope  failure,  embankment  cracking,  noticeable  differential  settlement,  or 
excessive  seepage  and  erosion  were  found  in  these  dams.  The  South  Dam  is  in 
good  condition  except  for  some  minor  settlement  in  one  location  of  the  top  of 
the  dam  and  partial  failure  of  the  upstream  riprapped  slope  have  developed. 

As  the  partial  failure  of  the  riprap  slope  of  the  South  Dam  might  develop 
with  time  into  a safety  hazard,  a further  investigation  and  analysis  of 
slope  stability  of  the  South  Dam  is  recommended. 

Since  there  is  no  direct  or  indirect  runoff  contribution  from  the 
surrounding  watershed  into  the  reservior  and  the  maximum  operating  level  is 
well  below  the  crest  of  the  dams,  the  water  volume  resulting  from  the  PMS 
will  not  overtop  the  crest  of  the  dams  or  endanger  their  stability. 

7.1.2  Adequacy  of  Information:  The  outer  geometry  of  the  dams  as  shown 
in  the  record  drawing  was  verified  by  the  visual  inspection.  Subsurface  and 
embankment  material  data  to  be  used  in  evaluating  the  stability  of  the  dams 
is  not  available. 

7.1.3  Urgency:  Studies  and  remedies  are  needed  in  the  future. 

7.1.4  Necessity  for  Further  Studies:  Further  studies  are  needed  to 
evaluate  the  failed  riprap  slope  of  the  South  Dam  and  overall  structural 
stability  of  all  three  dams  - West,  North  and  South  Dams.  Studies  needed 
are  borings,  testing  and  analyses  as  outlined  in  paragraphs  4.4.1,  4.4.2,  and 

4.4.2. 1 of  the  U.S.  Corps  of  Engineers,  Recommended  Guidelines  for  the 

Safety  Inspection  of  Dams  (Appendix  E).  Piezometers  should  be  installed  in  the 
embankments  of  all  dams  to  furnish  basic  data  for  stability  analysis,  and/or 
to  serve  as  a part  of  a safety  related  early  warning  system. 

7.2  RECOMMENDATIONS/REMEDIAL  MEASURES 

7.2.1  Alternatives : No  alternatives  to  the  studies  o>  ilined  in 
paragraph  7.1.4  have  been  identified.  Riprap  on  the  upstream  face  at  the 
South  Dam  should  be  realigned,  and  the  failed  slope  inspected  by  a qualified 
engineer  after  the  repairs  have  been  made. 


7.2.2  Qperational/Maiatenance  Procedures : The  surface  drainage  on  the 
portion  of  the  berm  of  the  West  Dam  should  be  improved  by  regrading  to  avoid 
the  impoundment  of  surface  water;  the  berm  surface  should  be  stabilized  by 
adding  granular  subbase  course. 

The  entrance  section  of  the  twin  concrete  ducts  of  the  spillway  on  the  east 
end  of  the  North  Dam  should  be  repaired.  Debris  accumulated  in  front  of 
this  intake  should  be  removed. 


_ XIU  S r&ttlL  15  BJSST  VlUAliiXX 

FROM  COPY  FURNISHED  TO  DDC  . 

We%  HotcW  Paterson : 


Filson  J: 


Witfej 


NfW 

JERSEY 


QUADRANGLE  LOCATION  \ 

//vV<  ; ' « 


j4.WAN  H 


Se«je£? 
$ Disposal 


>;/  I/.  STATE  . 
T / /,;•  TEACHERS  I 

>4/  -/sele3ej 


ijfily  Face  of  Jesus’ 
Monastery*. 


:r 

J.R  R 

' • (st4 

Bradford 

■!  j'l  Sch. 


rove 


Res  x^'/ « 

N .Radio  Toners 


•R  'Q  /V 

; -Cedar  Grove-  ' 
. Memoryrt  Sch 

4 'y.x. 


Pearl  Bi 


It 

beast 


,St  Catherine 
lof  Slena  Ch  J 


4/4  oTrv&iair 


' if*  I1  ;,St  James 


Yanticaw 
'■  BrooK  ; 

-V*ev 


Fridiids^^ 
Resting  Hoi 


ook  d at e 


/tjBR<^KDALC:;Vp:t 


Edgemont' 

Sch. 


•4  WA  TCHUNG 


$ 0.  r C > Watchung 

a?  > Kimberly  V/  / *.  - ’Sch  ^ 

bm/7'ScU  X//V  4 

337/  ^montc^Iir;  // 

'■f'-.  H1**1  Sc¥**44ScF'll/n 


^Glerf  Ridge  : 
Country  Club 


tClarks 


FIGURE  I 
LOCATION  MAP 

CEDAR  GROVE  RESERVOIR  DAM 


SCALE  1 i 24000 


DEPARTMENT-'  water 


•;  V . NEWARK,  NJ 

‘ v v CEDAR  CRDVC  NCICRVQIR 
/•;  '•  - GENERAL  RUAN 


> scale  aoo'-i‘ 


auc  isos 


IMIi  PA9S  IS-WSX  ftUALlX^F^ClLGAW# 
fgfjg  giQifY  rUEHISHBiD  XQ  SSfi  — 1 


BCAUC  1 IN-IQ  FT 


MIS  PASS  IS  BEST  QUALITY  FRACHCABLS 
PEOii  COPY  FURNISHED  TO  DDC.  — . 


f— . ~ 


• * 


■ ~z^-2***ffxr**  **411  j~c-.  i.  ^ 


■ , : 

“‘\  

r* — : - 

^ ^ ^ ^ F ' 1 ■«-•  T.V  ya  fl  T U »••»»•••  >r  wiif  ■ • m »^aa« 

v.%V?«Vjf  • I atavaa  afaa  aaaaaaraa 

«L‘  - f V 


••  wear  o am 


SCALE  I IKI-IQ  FT 


IT- <5 

t 


SCALE  1 1N-IQO  FT 


•••*■  »f  •■•>•••  •«•■>  MMlSMt 


**■*•»••  JM»- 


,,  . 


W-^*^***  sgq 


R f/» 


\ T , * j d ■*.  A ■■•  % 


’ ■■'!  r .i  • i ■ " ..'  fl  i * '*  7„\T  'j  r-'  2j 

•;■  ■ . ^ »-V  v.  -■>  ; ? j V^/Q- '•  -11  1 


■ 

‘ V ' • 

» * ‘"a. 

•>  i ■ ..  .at 

. <•'.  £**«  " *K 
' •;  ; \n,w*  ,;•• 

. ■'.  liN  • ^- »'*■ : 

.;•  $\\  3.  ■*■$£■. 

. 4: 

-h.'4  !*;•  i«;‘  - 
■ (' 

; 1 :;  "«* 

i * * • 

; . ;.-  ; • ’ -.. 
. V .<r: 


» ••  .•  %■*•*.  ; 

• » • . *i  • * 


’ . » • y r, 

' •'■.*"  *'U 

. ..,  A— 
•*.-  "•«  •■  ■ 

— ' >‘»  1 

• 

• t*  vL-.iv 

• - x,  . i 

• ; TVvIV. 

%•••••  * » \ 


FIGURE  4 

tCRARTMCRT”  WATER 

NEWARK  NJ 

OCOAR  BROVC  RCICRVOIR 
fwohlc »»« see  tip  nb«-  west  oam 


SCALE  1 IN-IQ  FT 


acaaaa  Baauwaaa 
aua  aaaa 


CASE  2 FKT«FL0RaA'PN-e30C0ACC.225 


1 


f 


APPENDIX  A 
V^gUAj,  CHECK  LIST 


f 


! 


1 


<u 

OJ 

aj 

• P 

OJ 

QJ 

<u 

* <u 

<u 

OJ 

rH 

pH 

rH 

rH 

pH 

rH 

rH 

rH 

rH 

rH 

X 

X 

XI 

X 

X 

X 

X 

X) 

X 

X 

CO 

CO 

CO 

CO 

<0 

<3 

CO 

CO 

U 

u 

U 

u 

u 

u 

u 

<J 

U 

U 

•H 

•H 

•H 

•H 

•H 

•H 

•H 

•H 

•H 

•H 

rH 

rH 

pH 

^H 

rH 

pH 

rH 

pH 

pH 

rH 

a, 

cu 

P* 

a. 

P« 

p« 

a. 

a. 

O- 

a* 

P* 

a« 

P* 

cu 

Cu 

Cm 

£ 

p« 

Cu 

p« 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

U 

4-> 

H> 

H> 

■U 

H> 

■U 

H> 

+J 

X 

O 

o 

O 

O 

0 

O 

0 

O 

O 

0 

2 

Z 

z 

z 

z 

z 

z 

z 

z 

z 

fa  o E 
o 3 -2 
c c 

OJ  CO 

CO  .8  X> 

03  fa  E 
S OJ 
fat 

COE 
o co 

•H  CO  OJ 
CO  0/  fa 
O C1«4J 
fa  O CO 
<U  H c 
CO  5 

fa  o 

O fa  73 

c 

00  4JH 
3 E ^ 
•H  M < 
-3  3 
00  cq 
3 -Q  • 
O E co 
r-H  <U  s 


>*  <u  x: 
>— t x:  fa 
<u  fa  3 
fa  o 

CO  fa  CO 

3 <U 

O*  > 73 

oj  o a 

73  U OJ 
CO 

co  -3 
u u w 
fa  1/  fa 
DUO 
£ fa  3 

>>  OJ  73 
CQ  C/3  3 

5 3 co 

73  a: 

CO  Q fa 
O CO 
fa  0/ 
• 5 
<3  C/3 
-3  co  <U 
fa  03  X! 
fa  fa 


•3 

3 

CO 

e >n 

10  H 4J 

73  g-  co 
fa  3 
-3  O £ 

fa  *4-1 

3 *H  3 
0 3-3 
co  3 -fa 


3 

0) 

oo 

<u 

03 

co 

a; 

00 

3 

CO 

fa 

CO 

> 

> 

3 

o 

<u 

•3 

> 

*fa 

73 

x: 

fa 

fa 

fa 

o 

fa 

-3 

o 

>> 

o 

•H 

CO 

CO 

0) 

3 

rfa 

• 

fa 

-C 

-3 

X3 

CO 

o 

3 

E 

C/3 

c/3 

ys 

3 

E 

fa 

OJ 

CO 

fa 

O 

03 

x: 

CO 

3 

3 

73 

OJ 

o 

u 

73 

O 

o 

fa 

fa 

73 

O 

o 

CO 

3 

fa 

fa 

X! 

CO 

3 

fa 

CO 

• 

fa 

03 

fa 

x: 

3 

3 

00 

fa 

fa 

3 

(X 

3 

CO 

a/ 

3 

fa 

3 

3 

•H 

99 

C/3 

3 

7T 

O 

> 

3 

S 

3 

3« 

fa 

fa 

O 

O 

OJ 

3 

3 

8 

rfa 

o 

o 

CO 

-3 

CU 

fat 

o 

z 

z 

co 

3 

5 

CO 

CO 

CO 

u 

fa 

73 

H 

CO 

CO 

3 

5 f— 

O < 

n 

o 

j z M 
< i-i  o 
3 2 H 
t/2  CJ 

iss 

5 « 6-1 


S^Ul 
<J  2 W 
=5  < Cu 
O OQ  O 
►J£tJ 

nun 


w 


cj 

4 

E 

3 

CJ 

4 

CJ 

CJ 

r— t 

-3 

CJ 

JO 

00 

x: 

•H 

* 

■4 

3 

JO 

4 

3 

4 

<q 

CO 

CJ 

■4 

44 

jo 

£ 

CO 

CJ 

44 

CO 

4 

On 

O 

CJ 

3 

jo 

O 

3 

O >s 

cj 

cq 

4 

JO 

cq 

4) 

cq 

3 

JO 

4 

44 

4 

(J 

CJ 

u 

CJ  3 

4 

00 

44 

CO 

On  4 

O 

4 

. «. 

>* 

0 

3 

£ 

O co 

44 

4 

CJ 

£ 

r4 

4 

t—4 

O 

• 

0 

CJ 

cq 

-O 

CJ 

CJ 

CJ 

c o 4 

Vi 

JO  3 

44 

O 

cq 

00  JO 

JO 

0) 

a/ 

V 

On  QJ 

x> 

<q 

4) 

O-  JO 

co 

4 

4 

sO 

4 

0 

3 

CJ 

cq  4 

3 

3 

3 cq 

r- 

CO 

4 

•4 

>.  Jt 

4 4 

<q 

CO 

•H  U 

sO 

CJ 

On 

cq 

JO 

4 

On  3 

u 

<q 

O 

:* 

4 

•4  4 

cj 

3 r-4 

4) 

CO 

3 

3 

00 

4 

a/ 

£ 

* 

3 

CJ 

cq 

CJ 

3 

Vi 

j= 

O CO 

O 

j: 

2 

CJ 

4 

O 

4 3 

4 

QJ 

>3  <0 

.O 

4 

U 

CJ 

1—4 

O CJ 

> 

CO  * 

cq 

3 

cq 

4 

cq 

QJ 

0 

•H 

V4 

44 

O 

44 

(-4 

CJ  3 

c 

4 

-*“N 

£ 

O 

• — n 

4 

cq 

4 

4 

•H 

u 

cq  CJ 

4 

4 

3 

CJ 

0 £ 

£ 

CJ 

QJ 

CJ 

3 

4 

CO 

Vi 

•— i cq 

4 

4 

4 X 

XI 

3 

3 

cq 

0 

• 

•4  3 

CJ 

4 

cq  -4 

CJ 

3 

4 

3 

£ 

00 

«3 

4 

O 

3 

CJ 

O 

O 

3 • 

4-1  .3 

CJ 

U 

4-1  3 

JO 

JO 

U 

0 

JO 

CJ 

•4 

4 

*3 

QJ  0/ 

4 

w 

a 

u 

00  -4 

OJ  3 

*3 

* a. 

3 

4 

•4 

4 

4 

JO  O 

O 

3 

On 

3 

O 

CJ 

>»  n 

cq 

3 

H w 

4 

«q 

< < 

O 

CO 

* 

JO 

3 

1—4 

4 

CJ 

00 

JO 

00  JS 

3 

4 

3 

4 

3 

4 

O 

O 

3 

3 

• 

•4 

3 

3 

3 

44  S 

CJ 

4 3 

JO 

4 

•4 

cq 

O 

O <Q 

N 

CO  O 

00 

cq 

1 

CO 

4 

3 

CJ 

OJ  -Pi 

4 

• 

3 

4 

>3- 

>» 

cq 

cq 

44 

qj 

J 4 

cq 

CJ 

3 

O 

CJ 

CM 

cq 

3 

rH  .fi 

3 

•H 

3 

0 

3 

O 

4 

On 

? 

3 

CT3  4-1 

<y 

a/  *3 

3 

Oh 

•4 

•4 

JO 

O 

< 

3 

E 

O 

-C  3 

01 

-3  3 

cq 

On 

CO 

m 

4 

4 

cq 

cq 

•4 

O 

4 O 

cq 

3 

• 

O 

4 

0 

3 

4 

4 Vi 

4 

u 

4 

•4 

1 

4 

CJ 

3 

O 

• 

4 

cq 

cj 

0 

44 

3 

£ 

m 

0 

CO- 

•4 

3 

CJ 

4 

4 

On  CJ 

O 3 

OJ 

cq 

4 

00  >3- 

CO 

cq 

CO 

CJ 

CO 

CJ 

04  JO 

•3 

O 

6 15  H 

<q 

3 

3 

4 

CO 

3 

JO 

CJ 

00 

3 4 

OJ 

CO  0 

J*S 

3 

0 

•4 

CO 

•4 

cq 

O 

4 

£ 

CJ 

JO 

a/  00 

3 

3 E 

p4 

3 

cq 

CJ 

S 

JO 

> 

CJ  44 

co 

On 

cq 

3 4 

44 

1-4 

* 

44 

On 

CO 

CJ 

JO  O 

3 

O 3 

JO 

3 O 

•4 

O 

•4 

£ 

CJ 

CO 

JO 

QJ 

4 

On  r4  *4 

£ 

3 

JO 

3 

3 

On 

cq 

4 

0 

4 

CO 

<u 

CO 

QJ 

>» 

4 

XI 

O 

CJ 

3 

cq 

4 

3 

00  On3 

V 

3 3 

•4 

•4 

£ 

3 

00 

<J 

4 

CJ 

3 O 

3 

On  4 

44 

S 3 

£ 

CJ 

4 

•4 

•4 

4 

cq 

O 

3 

O 4 

<q 

cq  cq 

0 

r-t  cq 

4 

cq 

4 

cq 

CO 

4 

£ 

4 CO 

4 

4 

CJ 

cq 

> 

4 

CJ 

CJ 

CJ 

O 

cq 

TO 

0*  £ 

CO 

•H  *0 

00 

00 

OJ 

4 

3 

2 

4 

3n 

4 

4 

• 

£ 

0J 

•h  cq 

3 

On  0 

cq 

r— 4 

cq 

4 

•4 

CJ 

cq 

04  <T3 

00 

4 3 

O 

CO  0 

00  4 

CJ 

JO 

CJ 

3 

On  JO 

CJ 

QJ 

cq  <u 

-0 

•H 

00 

• 

CJ 

£ 

u 

JO 

O 

3 

4 

4 4 

0 

CJ  JO 

4 

n» 

3 

U 

r-4 

4 

3 

4 

3 

4 

3 

cq 

& 4 

H 

-3  4 

O 

4 3 

O 

•4 

4 

•4 

• 

•4 

CJ 

O 

CJ 

•H  C/1 

Vi 

H 4 

3 

3 -4 

•4 

4 

3 

O 

cq 

1 

4 

jS 

4 

5 

CJ 

CJ 

4 a 

*H 

O 

3 

a/ 

4 

cq 

O 

> 

OO 

O 

4 

•1 H 

O 

F-n 

O 

3 

-O 

3 

•*■) 

£ 0) 

•H 

£ 

4 

0 

>3* 

JO 

4 

0) 

4 JD 

3 

QJ 

O 

4 

QJ 

r-H 

QJ 

£ 

4 

•4 

£ O 

co 

4 3 

r4 

3 

3 

3 

4 

CO 

CO 

CJ 

CO 

O 

CO 

CJ 

CO 

CJ 

O X3 

cq 

3 3 

r-4 

JO  0 

O 

O 

3 

CJ 

CJ 

4 

jS 

cq 

4 

cq 

.3 

•4 

JO 

</>  4 

5 

O cq 

< 

cq  4 

O 

Z 

< 

:* 

CC 

cq 

H 

-O 

4 

u 

4 

> 

4 

A-4 


debris.  However,  no  flow  was 
discernible  in  the  channel. 
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between  the  high  and  low  water  levels. 
The  soils  of  the  original  ground  are 
mainly  fine  sandy  silt  (ML)  to  silty 
sand  (SM)  with  variable  sized  gravels. 
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Reclamation  and  Soil  Conservation  Service,  Many  other  agencies,  educa- 
tional facilities  and  private  consultants  can  also  provide  expert  advice. 
Regardless  of  where  such  expertise  la  based,  the  qualification  of  those 
individuals  offering  to  provide  it  should  be  carefully  examined  and 
evaluated . 

4.3.4.  Freeboard  Allowances.  Guidelines  on  specific  minimum  freeboard 
allowances  are  not  considered  appropriate  because  of  the  many  factors 
involved  in  such  determinations.  The  investigator  will  have  to  assess 
the  critical  parameters  for  each  project  and  develop  its  minimum  require- 
ment. Many  projects  are  reasonably  safe  without  freeboard  allowance 
because  they  are  designed  for  overtopping,  or  other  factors  minimize 
possible  overtopping.  Conversely,  freeboard  allowances  of  several  feet 
may  be  necessary*  to  provide  a safe  condition.  Parameters  that  should  be 
considered  Include  the  duration  of  high  water  levels  in  the  reservoir 
during  the  design  flood;  the  effective  wind  fetch  and  reservoir  depth 
available  to  support  wave  generation;  the  probability  of  high  wind  speed 
occurring  from  a critical  direction;  the  potential  wave  runup  on  the  dam 
based  on  roughness  and  slope;  and  the  ability  of  the  dam  to  resist 
erosion  from  overtopping  waves. 

4.4.  Stability  Investigations.  The  Phase  II  stability  investigations 
should  be  compatible  with  the  guidelines  of  this  paragraph. 

4.4.1.  Foundation  and  Material  Investigations.  The  scope  of  the  foundation 
and  materials  investigation  should  be  limited  to  obtaining  the  information 
required  to  analyze  the  structural  stability  and  to  investigate  any 
suspected  condition  which  would  adversely  affect  the  safety  of  the  dam. 

Such  investigations  may  include  borings  to  obtain  concrete,  embankment, 
soil  foundation,  and  bedrock  samples;  testing  specimens  from  these  samples 
to  determine  the  strength  and  elastic  parameters  of  the  materials,  including 
the  soft  seams,  joints,  fault  gouge  and  expansive  clays  or  other  critical 
materials  in  the  foundation;  determining  the  character  of  the  .bedrock 
including  joints,  bedding  planes,  fractures,  faults,  voids  and  caverns, 

and  other  geological  irregularities;  and  installing  instruments  for 
determining  movements,  strains,  suspected  excessive  internal  seepage 
pressures,  seepage  gradients  and  uplift  forces.  Special  investigations 
may  be  necessary  where  suspect  rock  types  9uch  as  limestone,  gypsum, 
salt,  basalt,  claystone,  shales  or  others  are  Involved  in  foundations  or 
abutments  in  order  to  determine  the  extent  of  cavities,  piping  or  other 
deficiencies  in  the  rock  foundation.  A concrete  core  drilling  program 
should  be  undertaken  only  when  the  existence  of  significant  structural 
cracks  is  suspected  or  the  general  qualitative  condition  of  the  concrete 
is  in  doubt.  The  tests  of  materials  will  be  necessary  only  where  such 
data  are  lacking  or  are  outdated. 

4.4.2.  Stability  Assessment.  Stability  assessments  should  utilize  in 
situ  properties  of  the  structure  and  its  foundation  and  pertinent  geologic 


i 
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information.  Geologic  information  that  should  bn  considered  includes 
groundwater  and  seepage  conditions;  lithology,  stratigraphy,  and  geologic 
details  disclosed  by  borings,  "as-built"  records,  and  geologic  interpre- 
tation; maximum  past  overburden  at  site  as  deduced  from  geologic  evidence 
bedding,  folding  and  faulting;  joints  and  joint  systems;  weathering; 

8 lickensides , and  field  evidence  relating  to  slides,  faults,  movements 
and  earthquake  activity.  Foundations  may  present  problems  where  they 
contain  adversely  oriented  joints,  slickensides  or  fissured  material, 
faults,  seams  of  soft  materials,  or  weak  layers.  Such  defects  and  excess 
pore  water  pressures  may  contribute  to  instability.  Special  tests  may 
be  necessary  to  determine  physical  properties  of  particular  materials. 

The  results  of  stability  analyses  afford  a means  of  evaluating  the 
structure’s  existing  resistance  to  failure  and  also  the  effects  of  any 
proposed  modifications.  Results  of  stability  analyses  should  be  reviewed 
for  compatibility  with  performance  experience  when  possible. 

4. 4. 2.1.  Seismic  Stability.  The  inertial  forces  for  use  in  the  conven- 
tional equivalent  static  force  method  of  analysis  should  be  obtained  by 
multiplying  the  weight  by  the  seismic  coefficient  and  should  be  applied 
as  a horizontal  force  at  the  center  of  gravity  of  the  section  or  element. 
The  seismic  coefficients  suggested  for  use  with  such  analyses  are  listed 
in  Figures  1 through  4.  Seismic  stability  investigations  for  a.l  high 
hazard  category  dams  located  in  Seismic  Zone  4 and  high  hazard  dams  of 
the  hydraulic  fill  type  in  Zone  3 should  include  suitable  dynamic  pro- 
cedures and  analyses.  Dynamic  analyses  for  other  dams  and  higher  seismic 
coefficients  are  appropriate  if  in  the  judgment  of  the  investigating 
engineer  they  are  warranted  because  of  proximity  to  active  faults  or 
other  reasons.  Seismic  stability  investigations  should  utilize  "state- 
of-the-art"  procedures  involving  seismolcgical  and  geological  studies  to 
establish  earthquake  parameters  for  use  in  dynamic  stability  analyses 
and,  where  appropriate,  the  dynamic  testing  of  materials.  Stability 
analyses  may  be  based  upon  either  time-history  or  response  spectra  tech- 
niques. The  results  of  dynamic  analyses  should  be  assessed  on  the  basis 
of  whether  or  not  the  dam  would  have  sufficient  residual  integrity  to 
retain  the  reservoir  during  and  after  the  greatest  or  motft  adverse 
earthquake  which  might  occur  near  the  project  location. 

4.4. 2. 2.  Clay  Shale  Foundation.  Clay  shale  is  a highly  overconsolidated 
sedimentary  rock  comprised  predominantly  of  clay  minerals,  with  little 

or  no  cementation.  Foundations  of  clay  shales  require  special  measures 
in  stability  inves tigations . Clay  shales,  particularly  those  containing 
montmoril Ionite,  may  be  highly  susceptible  to  expansion  and  consequent 
loss  of  strength  upon  unloading.  The  shear  strength  and  the  resistance 
to  deformation  of  clay  shales  may  be  quite  low  and  high  pore  water  pres- 
sures may  develop  under  increase  in  load.  The  presence  of  slickensides 
in  clay  shales  is  usually  an  indication  of  low  shear  stength.  Prediction 
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APPENDIX  H 


CONDITIONS 


This  report  is  based  on  a visual  inspection  of  the  dam,  a review  of 
available  engineering  data,  and  a hydrologic  analysis  performed  during  Phase 
I investigation  as  set  forth  in  the  Recommended  Guidelines  for  Safety 
Inspection  of  Dams,  as  modified  by  the  contract  between  the  U.S.  Corps  of 
Engineers  and  Gilbert  Associates,  Inc.,  Contract  No.  DACW61-78-C-0114. 

The  foregoing  review,  inspection,  and  analysis  are  by  their  nature  limited 
in  scope.  It  is  possible  that  hazardous  conditions  exist  and  that 
conditions  exist  which  with  time  might  develop  into  safety  hazards  and  that 
these  conditions  are  not  detectable  by  means  of  the  aforesaid  review, 
inspection,  and  analysis.  Accordingly  Gilbert  Associates,  Inc.  cannot  and 
does  not  warrant  or  represent  that  conditions  which  are  hazardous  do  not 
exist,  or  that  conditions  do  not  exist  which  with  time  might  develop  into 
safety  hazards. 

As  required  by  the  Corps  of  Engineers,  the  terms  "good",  "fair",  "poor", 
"condition"  have  been  used  in  this  report  to  characterize  the  information 
obtained  from  the  aforesaid  review,  inspection,  and  analysis.  The 
definitions  of  these  terms  as  used  are: 


"good  condition"  - minor  studies  or  remedial  measures  are  required. 

"fair  condition"  - sizeable  studies  or  remedial  measures  are  required 

due  to  the  deficiencies  which  could  be  hazardous 
depending  on  conditions.  Immediate  attention  is 
required. 


"poor  condition"  - major  studies  or  remedial  measures  are  required  due 

to  deficiencies  which  could  be  hazardous  depending 
on  conditions.  Immediate  studies  or  corrective 
action  is  required. 
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